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(54) Metfiod and apparatus for waste water treatment after polishing semiconductor wafers 



(57) The present invention Includes use of an elec- 
tronically assisted coagulation step (8) in the separa- 
tion of fine particles of abrasive materials in suspension 
from spent slurry from a process (1) of polishing semi- 
conductor substrates, &g. OMR The coagulation step 
(8) may be optionally followed by flocculation. It has 
been determined experimentally that the method in 
accordance wrfch the invention separates solids includ- 
ing metals in suspension from the slurry with a very high 



efficiency. Further, large flows of spent slurry may be 
treated at high speeds. If large amounts of slurry have 
to be treated, separation of the solids may be performed 
by gravimetric separation (22), cerMuging or conven- 
tional chamber filters, A continuous process can be 
achieved as a double-batch or multi-batch process 
using two or more reactor cells in parallel. Apparatus 
(33) for carrying out the invention is also described. 
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Description 

Background of foe rnvantii^ 



ceraSco^ 

ceram,c or glass-like matenate. in particular semiconductor wafers in the manufacture of integrated circuits suchas Si 
forthe treatment of waste slurries from Chemical Mechanical Polishing (CMP) apparatus 
In the preparation of ceramic and glass surfaces it is known to use abrasive and poshing slurries consisiino or a 
"J" "S* ^ BUCh 96 ^ ° r alkaHne amm ™ Wroxide solutions. 
Kto ** 3,Uni, ' niurn oxide - ««* c ^<* further, in the7«I of^T 

S!£ !* ^ eCtnC ' e * opo *' ormetellic la yers on the wafer. In such polishing steps use is made 

of liquida wrth a broad range of both acidic and basic pH values, containing suspended soNds kntw^a STth! 

r!" l £ ducL 7h6prevaflin 9 method far Planarizing semiconductor wafers* chemtel 
mechanical plananzafjon or polishing (CMP). The most common abrasive material used with CMP is silica 

Recent reviews of CMP have been published In the following issues of the journal "Solid State Technobnv- M* v 
1994. pages 26 to 31; July 1994, pages 71 to 75; October. 1994, pages 63 to 70- Aprilfggs Saes47toS S2J 

^^a^vepa^ 

useaslurry as ponsh.ng liquid having amorphous ^p^^^^^^i^^ J^^ 
ILT^T" u ConM ™ « *<* <* 20% by weight or lower. The small dia^a^e Z 

„ iSP u 0Sa ' °' thS 6penl S,Ufry after poliGhin9 is 311 ^"mental problem which Is gaining in important Con- 

» spSuT 9 W a9enfe Spent 5hny: and ™' of s ^ ended *^the 

«« iST COn ™i rcial, y av ? teble ,echnic I ue for such fine slunies is ultra-fiftxation. filtration of the solids in 
th^emslu^se*^ 

ulate^* 

35 Melh0[ | s ™kirig use of a neutralisation step (neutralisation of pH) before removal of solids from the spent slurrv 

!fcS35?" 10 g " ,omara,ion and set8eme * ° f *• Finally, wn^onrt* 
interfere with precipitabon processes used to treat spent slurry. 

I^edto^t^JSIl^SEi^r^ appara !" Efor w * treatmantof sofd surfaces in which water is etecfro- 
io S£*2 ^ 'T u b/ 8 P 0 ™" 5 m9rnbrane 11,10 an anode and a chamber. Water containing 

15- T !ff UCEd an0de Chamber and *** Corrtai ™9 fr esn OH" ions in the cathode chairtw Thl 

An objea of the present invention is to provide an apparatus and a method for treating spent sluny from ocfehinn 
operations wh,ch avoid the problems with the priorknown methods and apparatus *P rryfrompoSshing 

A further object of the present invention is to provide an apparatus and a method for treat™ soent slum/ from 

Another object of the present invention is to provide a method of derating out the liquid conponent and/or the 



Sumfngryofth$inveriflrt 

*i Jt!" inVe "f " P?*** B m6ttl0d 01 Separafin3 a ,fquid ** P^'des of abrasive materials from a spent 
at least some of the abrasive particles in suspension, comprising the the steps of: 

step 1 : electrolytic coagulation of the Solid content of said slurry, and 

step 2: separation of the coagulated solids from a recovered liquid part of the slurry. 
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In accordance with ihe invention « least one eleJrolylicaly soluble electee or eledmlytically soluble intermediate 
electrode may be used in the electrolytic coagulation step- , 

The present invention also provides an apparatus for separating a liquid and fine particles of abrasive matenate 
from a LSr^from a process of polishing semiconductor substrates, said slurry including the liquid and a solid 
, ZiS^lomat^^mpB^ in suspension comprising: an electrolysis cell including at least one 

latina said saerrt slurry, and a settling tankfor separating the coagulated sobdslrom the slurry. 

of abrasive rmterials from spent slurry fromaprocess ol polishing semiconductor **™^™J?t d _ 
io tTXonw be optionally followed by flocculation. It has been determined experimentally that the mejod '"accord 
nSTS iSon separates so ids including metals in suspension from the slurry wrth a very high efhoency. 

ration o the solids maybe performed by gravimetric separation, centrifuging or conventional chamber fflt^s. A o>rAn 

^prc^^ 
75 is possible because of the high speed of Hie coagulation step. 

Figure 1 shows a schematic diagram of a slurry treatment and water and/or abrasive recycling plant in accordance 
SSraS^carrangem 

Figure 3 shows a schematic diagram of a second embodiment of the present invention, and 
tion. 

rwriptinn n f the preferred em bodimente 

in the following the present invention will be described with respect to certain ^ e ^ c ,^^^. menl ^J^^ e '* t ^' 
•,e J StaJZSoM onlv by the claims. Further, the present invention wfll be described rna.nly with reference to 

CmTSsS^^ 

materials may be used as known to a person skaied in tfieart *w-« m h/vfim«n«ffhs 

present invention. The necessary pumps, valves and gas extraction ^upments ar ^™ ^ £ JL " f ^ 
! uses a Blurry including a liquid, in particular detonised water, containing abrasive^orisning Pf»*'^* ' « "nr*J 
ZL 3 obiecte in pariiculaTsemiconductive wafers such as silicon wafers. Spent slurry consiste of a liquid 

*«t* to L ooli Jied A colloid normally contains particles less than 10 micron m diameter, and CMP slumes may have 
ZJ SZI^TswZLmm Lpension. Medtenica! filters are not able tofilter out ^tdj 
Mta lS«lon semiconductor wafer is made from silicon, the spent slurry usually contains some al.ca parties 

b "SSCS discharged via conduit 2 into an electrolytic cel. reactor a Cell rector 8 
main eleSea 9^0 connected to respective polarities of a DC generator (not shown), h one «*o*m*rt of J* 

11.12 which is not connects to the DC generator. The at least one mtermafc te electicd ell 2 «s pl^ed between 
ti» electrodes 9 10 and is influenced by the electric current filing hi the electrolytic cell reactor 8 between ttm efec 

5 LlSr^cSde means in accordance with this invention that the parts Of the ,nto 
L« in ih« PiPdmlvfic cell reactor a due to the effect of the electric current influencing the electrode. 

the DC generator is electmiyticaliy soluble, tg. made of aluminiura In the «* * 

To improve eledrolysiB an electrolysis ad may be 
tor 8 Suit 15. Suitable electrolysis aids may be an electrolyte such as ^^^^ ™^ 
rtte For instance, using aluminium electrodes 9, 10 for electrolysis, a maximum of 0.2% by weight of NH 4 OS may be 
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added 1o the slurry. 

th,^ 9 B,e *°'f ? * ******** if the slurry is stined by means of a sinter 13. An electrode currant density greater 

5 pS ra " 9e ' PartCU,ar " 10 M ^ fe prefe,Ted t0 530,1 ^^ocoaSato 

n P i e ^r fl nta uM the aCGOn:iin9 10 1,19 present invention is ^ *• electrocoagulation is relatively inde- 

mTbesS^ 

rrray be stabrfe^mrt shown before entry ,nto the electrolytic cell, butthe invention is not limited thereto. 

^-.^ r elE ^ !£* *!! Partly ° r COn1 P lete, y P^pitated slurry is transferred to a settlingrtiKrafion unrt 22 Here the 
cleansed Uqurd 23 may be separated gravimetric^ from the soiids 24 and either recycled vi^duit 27 to th?CMP 

p ^T rt1 ^ a ^ 
is Z^^lTrTJ th t T^' 0 " and sefflins 5teps in *• **** ce " 8 « S3S 

To assist rn the settling process in tank 22. inclined plates 32 may be provided. As the coagulated solid narfci PK 
The sokts 24 are released via valve 25 and may be stored as shown schematically in 26. The solids 26 may be 
ised water and reintroduced into the CMP processing unit 1. ae,on 

zs slurTtom ISZ^T^t f ^a^ r ^eme I 1 0, a dljal bato " slurry treatment and recycling plant 35- The spent 
zs sluny from CMP unit 1 s transferred to a first of the two treatment plants 33 by opening vahre 36 and the anraoriftte 

St r S 1 £2! t Plant ^- Se ™" g in lhe m ,reat^,e^, ^ 33 ' the **** is recy- 
SJSI? £ T am 33 ' lhe dean "** fe to * & CMP w» 1- The non-return valve 39 pre- 

SSSJT " diracHon - may be ,ncreased by — g m » e - *S- 

Figure 3 shows a schematic diagram of a slurry treatment and water and/or abrasive recycling plant 34 in accord- 
ance^th a second embodiment of the present irwention. As for the first embodiment, the nS^ZmZ^d 
gas edracfton events are not shown. Components with the same reference numbers are the 

SUV f lbKfimeffldescrtoed ^ referenced, Fig. 1. Treatment plants 34 of the seconderSm^ZS 
subsweforthefreatmemplarr^^ 

siurrSvbS 

El £5 , |f ^ on - O^?"* * "occularrt may be added to tank 1 7 from container 1 9 KonoSS^o 
nprove the rate of flocculaton. A cationic flocculant such as PK4130 Magna Roc supplied by Allied Coltoi* ffe urt 

SbTsSm^™ 0 '^^ 

rr^^SS?" iS ^T^ l Urry iS transfarred te ,he 'rtfinflflBrafan unit 22. Here the cleansed liquid 23 
ZESESf VT !* S0lidS24 ' decao,Kl ' asaihtBtered if necessary (not shown), optional^So^ 

released v.a valve 25 and stared as shown schematically in 26. The solids 26 may be reprocessed via a reoroceBsinr, 
unit 31 and may be remixed with recycled de-ionised water in conduit ?7nr fr«h JL»«Z, . ? ^^^"S 
thp niutP n m «*cinn „ n » i ' ^° wa,er condUlt 27 or fresh deionised water and reintroduced into 
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An amount of ammonium chloride representing 0.2% by weight was dissolved in 450 ml of a slurry having 67 
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mo/litre of suspended matter in water. The slurry was then placed in an electrolysis cell reactor in accordance wrth the 
present invenTon having two flat aluminium electrodes 135 mm long. 44 mm wide and 1 5 mm truck. Thetwo electrodes 
weTe S about 70mm into the slurry and p,aced about 40 mm apart. 34 Volts was ighd 
the currentthrough the slurry was measured (see Fig. 4). The currentden, ^22^122 Z 

ing to 0 083 amp/cm 2 at the end of electrolysis. Thefirst precipitation occurred after 180 seconds. After 6 minutes the 
electrocoagulation was stopped and the precipitate allowed to settle. The slurry was then ««ered using a 
paperfiiter. The remaining liquid was analysed and the results are given in table 1 . The cathode electrode was reduced 
in weight by 0M and the anode by 0.04 g by the electrocoagulation step 



Table 1 



Component 


amount mg/l 


measurement 
tolerance, mg/1 


Dissolved Aluminium 


0.52 


0.D05 


suspended matter 


10 


1 


NH4* 


none detected 




cr 


1360 


0.3 


Si0 2 


3.35 


0,3 



1 



25 Claims 

t Methtxlotseparatmgar^^^^ 
" semlcondu^subst^ 

particles in suspension, comprising ihe steps of: 

3D 

step 1 - electrolytic coagulation of the solid content of said slurry, and 

step Z; separation of the coagulated solids from a recovered liquid part of the slurry. 

2 Method according to claim 1 , wherein the electrocoagulation step includes using at least one electrode or interrne- 
35 diate elactrcde having at least a part thereof made from electronically soluble matenal. 

3. Method according to claims 1 or 2, wherein the separation step includes addition of a ftoccutant 

4. Method according to claim 3, wherein the f locculant is a cationic f locculant 

5. Method according to any of claims Z to 4, wherein the electrically soluble electrode or intermediate electrode 



v ' AO 

E. 

part is made of aluminium. 



6. Method according to any of the preceding claims, wherein the electrolytic coagulation step includes the addition of 
4$ an electrolysis aid. 

7, Method according to claim 6. wherein said electrolysis aid is selected from a group including ammonium chloride, 
alkali metal chlorides and alkali earth metal chlorides. 

so 8. Me^odacco^ 

9. Method according to any one of the preceding claims, wherein the temperature of the slurry is raised during the 
electrocoagulation step. 

55 10. Method according to any of the preceding claims, wherein the polishing process is CMP. 

11. Method according to any of the preceding claims, wherein the solid content of the spent slurry includes solid par> 
cles in colloidal suspension. 
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' \2G 



partidesinsuspendon.^ 

a seHJing tank for separating jfoj coagulated solids from the slurry. 
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